Introduction
In the pursuit for new physics phenomena at the LHC [1] , searches for one class of models are now rather sensitive with the growing dataset of s = 13 TeV collisions. Lepton flavour violating processes (LFV) are predicted by a number of extensions to the Standard Model of particle physics (SM) including supersymmetry (SUSY) [2] [3] [4] [5] , composite Higgs [6, 7] and RandallSundrum models [8] .
The search for lepton flavour violation is normally the domain of low energy precision experiments but has now reached the grasp of the high energy LHC. In particular, the measurements of specific couplings to neutral bosons are more sensitive at the LHC as compared to low energy experiments. The purpose of this summary is to give a brief overview of searches performed with the ATLAS detector [9] with a specific focus on decays involving τ leptons.
H → τ search at s = 8 TeV
One of the LHC's design objectives is to measure the properties of the Higgs bosons in its numerous decays to SM particles. Several extensions to the SM such as the two Higgs doublet (2HDM), composite Higgs and Randall-Sundrum models can generate additional LFV couplings with the Higgs boson. These LFV couplings are probed with the ATLAS detector in decays of the Higgs boson to a pair of oppositely charged, differently flavoured lepton pairs (i.e. using decays to e ± µ ∓ , µ ± τ ∓ and e ± τ ∓ pairs). The couplings of the Higgs boson to leptons
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can be parameterised in a mixing matrix (akin to the CKM matrix) with each element Y i, j being the Yukawa-like coupling between Higgs boson and leptons i and j.
In particular, large sensitivity to Y e,τ and Y µ,τ , the non-diagonal Yukawa elements, is achieved by probing H → eτ and H → µτ decays. The latest results from the ATLAS collaboration are obtained with s = 8 TeV collision data for H → eτ and H → µτ decays [10, 11] . The search is divided based on whether the τ lepton decays to leptons or to hadrons and optimised independently.
In the hadronic τ channel, the dominant backgrounds originate from Z → ττ decays as well as from other process which produce jets which are misidentified as hadronic τ candidates. Events from Z → ττ decays have a near identical signature as the signal but generate an additional neutrino. The Z → ττ decays were modelled in a data-driven manner by taking Z → µµ decays from data and replacing the muons with simulated τ decays to hadrons. The misidentified hadronic tau backgrounds occur due to inefficiencies in the identification algorithm. These backgrounds are modelled with a data-driven technique known as "OS-SS" which takes the kinematic shape from events in which the charge of lepton and hadronic τ candidates are the same. The normalisation of the template is taken from a multijet enriched region and is measured as the ratio between the number of events where the final states have opposite charge and the number of those which have same charge.
For the hadronic channel, the signal is extracted from a maximum likelihood fit to the reconstructed mass calculated via the so-called Missing Mass calculator algorithm [12] . The fit is performed in two regions: one which is depleted in Z → ττ and the other depleted in processes with a misidentified hadronic τ candidate. These regions are defined using a 2D criteron based on the transverse masses m T (e, E miss T
) and m T (µ, E
miss T
). The combination of both signal regions is presented in figure 1 .
The leptonic channel utilises a data-driven technique which exploits the (a)symmetry in Figure 1 : The distribution of the reconstructed di-tau mass in the H → eτ (left) [11] and H → µτ (right) [10] searches respectively. The lower panels quatify agreement between the background model and data, with the red line quantifies the agreement when considering the contribution from the signal.
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event rates under the exchange of electron with muon between the BSM signal and SM backgrounds. Only events with differently flavoured leptons in the final state are considered as the case where they have the same flavour have no sensitivity due to the large SM background. The method attempts to model events in the search for H → eτ with a region expected to be enriched with H → µτ events and vice versa. In LFV decays, the p T spectra of the lepton from the prompt decay of the Higgs boson is expected to be harder than that originating from the decay of the τ lepton. As such, events from the H → eτ search can be modelled with data from final states wherein the p T (µ) is harder than that of the p T (e). Analogously, this strategy is also applied to the H → µτ search where events with p T (e) > p T (µ) are used to model the signal. As the constraints on |Y e,µ | are so strong [13] , an LFV signature is only expected in one of the search channels and not the other. This asymmetry hypothesis is affected by experimental effects which differs between electrons an muons. These are accounted for by modifying efficiencies, as well as measuring the differences between reconstruction of non-prompt leptons.
For the leptonic channel, the signal is extracted using a maximum likelihood fit to the Higgs boson mass, reconstructed using the collinear mass approximation, in two signal regions defined using the jet multiplicity. The distributions of the discriminating variables are presented in figure 2.
In the combination of results, summarised in figure 3, one can see an excess only in the 3 Z → τ decays
Search using s = 8 TeV collisions
The presence of LFV decays can be mediated by Z boson couplings in heavy neutrino [14] , extended gauge [15] and SUSY models [16] .
The strategy used for the search for LFV Z → µτ decays in s = 8 TeV collisions is similar to that of H → µτ decays previously discussed [11] . The thresholds on kinematic selections were modified to accommodate the lower mass of the neutral boson. Otherwise the overall search strategy remains consistent with that of the H → µτ which was previously described.
The distribution of the final discriminants in the two signal regions are illustrated in figure  4 . No excess was observed and an upper limit on the branching ratio of this decay was set to BR(Z → µτ) = 1.7 × 10 −5 with the best fit value consistent with no LFV coupling
Search using s = 13 TeV collisions
In the search using s = 13 TeV collisions, many aspects of the previous measurement have been updated, including a new search for Z → eτ decays [17] . The main improvements include a new background estimate and signal extraction.
A new background estimate method was utilised known as the "fake factor" method. The fake factor method takes a template from events which fail the τ identification criteria. These events are weighted with a data-driven correction known as a "fake-factor" which depends on the rate of passing/failing the hadronic τ identification. This fake-factor is measured as a function of the p T of the hadronic τ candidate as well as the number of charged tracks. In addition, the modelling of Z → ττ candidates is modelled initially with Monte-Carlo, with a data-driven correction for the normalisation being derived from within the fit.
The signal extraction has also been vastly improved, now relying on a multivariate approach
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[GeV] candidates, which are boosted, scaled and rotated for consistency, as well as constructed kinematic variables including ∆α, p T (total) and mass variables. The scores from the two or three networks are combined into a single classifier score and a binned maximum likelihood fit is used to extract the overall signal. The final scores are summarised in figure 5.
The results for the Z → µτ channel have been updated, demonstrating no excess over the SM hypothesis but allowing for an improved limit of BR(Z → µτ) = 1.3 × 10 −5 in combination with the results from the 8 TeV dataset. The new exclusion limit on Z → µτ is competitive with the one obtained at LEP [18] , which currently provides the most stringent bounds on such decays. A slight excess over the SM background has been observed in the Z → eτ channel, not previously probed with ATLAS, of approximately 2.3σ. The best fit branching ratio for this search is BR(Z → eτ) = 3.3
High mass resonance decays at s = 13 TeV
In addition to the searches for known SM bosons decaying to LFV final states, a search for decays of non-SM high mass bosons is also performed [19, 20] . These probe three main models: Z models with a single LFV vertex [21] , R-parity violating (RPV) SUSY models [22] and quantum black holes which are motivated by Randall-Sundrum and other extra dimensional models [23] .
The major backgrounds for these searches originate from sources producing a misidentified and Z → µτ (bottom) searches divided between the 1p and 3p decays respectively [17] . The lower panels quantify the agreement between background model and data. For the Z → eτ, the signal fixed to the best-fit branching ratio plus background is represented on this plot as a red line.
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Data (best-fit) τ e → Z Fakes τ τ → Z µ µ / ee → Z t , single- t t +jets W Other ) -3 =10 B ( τ e → Z
ATLAS
Data (best-fit) τ µ → Z Fakes τ τ → Z µ µ / ee → Z t , single- t t +jets W Other ) -3 =10 B ( τ µ → Z
hadronic τ candidate as well as from top quark decays. The W +jets backgrounds are modelled from MC simulation with data-driven corrections for the misidentification probability of the hadronic τ candidate. The multijet background is modelled with a similar "OS-SS" approach previously described for the Higgs boson decays. The top background is extrapolated to the high mass signal region using a fit performed on low mass simulated events.
The measurement was performed in eµ, µτ and eτ decays. Results from µτ and eτ decays 20.6 show no excess and allow for new constraints on the three main models motivating this search, as shown in figure 6 . Interestingly, the constraints in the Z and RPV-SUSY models are now stricter than those provided by low energy τ decay measurements as shown in figures 7 and 8. 
LFV in top quark decays at s = 13 TeV
A new search has been performed to probe decays of top quarks to LFV final states [24] . This search is sensitive to dimension six operators which probe t → qeµ (where q = u, c) decays.
The background modelling is performed using a matrix method [24] , which involves measuring the misidentification probabilities for the presence of non-prompt leptons. Signal extraction is performed using a fit to a boosted decision tree (BDT) classifier trained using 13 No significant excess was observed, and the limits were set considering τ leptons couplings. These limits far exceed the limits set by low energy experiments. The overall distribution is shown in figure 9 . Non-prompt WZ ZZ Others Uncertainty Figure 9 : The pre-fit (left) and post-fit (right) distributions of the BDT classifier score [24] . On the left plot, the signal is represented by the red histogram plotted unstacked.
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Conclusion
The search for charged lepton violation using LHC collisions is a rich and varied area of research within ATLAS. Several searches are performed for decays of known SM bosons including the Higgs boson, which expected to produce new results for s = 13 TeV collisions. The latest
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results for Z boson decays indicates a slight excess in the Z → eτ channel and new improved limits for the Z → µτ channel. High mass searches are now leading the sensitivity for LFV decays in Z and RPV SUSY models. Finally LFV decays in the top quark sector are now providing new constraints to couplings which were previously unprobed.
